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WK&,53'HVLJQ&RQIHUHQFH
0DWHULDO6HOHFWLRQ%DVHGRQD3URGXFWDQG3URGXFWLRQ(QJLQHHULQJ
,QWHJUDWLRQ)UDPHZRUN
 -HURPH.DVSDUD'LUN%DHKUHE0LFKDHO9LHOKDEHUD
D,QVWLWXWHRI(QJLQHHULQJ'HVLJQ6DDUODQG8QLYHUVLW\&DPSXV(6DDUEUXHFNHQ*HUPDQ\
E,QVWLWXWHRI3URGXFWLRQ(QJLQHHULQJ6DDUODQG8QLYHUVLW\&DPSXV$6DDUEUXHFNHQ*HUPDQ\
&RUUHVSRQGLQJDXWKRU7HOID[(PDLODGGUHVVYLHOKDEHU#ONWXQLVDDUODQGGH
$EVWUDFW
0DWHULDOVHOHFWLRQLVDQHVVHQWLDODVSHFWRIHQJLQHHULQJSURFHVVHVRIERWKSURGXFWVDQGSURGXFWLRQV\VWHPVDQGRIWHQFUXFLDO
IRU WKH VXFFHVVRI WKH UHVXOWLQJSURGXFWV ,QSUDFWLFDO HQJLQHHULQJ KRZHYHUPDWHULDO VHOHFWLRQ LVRIWHQH[HFXWHG LQD KDQGVRQ
PDQQHUDQGQRWEDVHGRQDQLQWHJUDWHGRSWLPL]DWLRQSURFHVVWDNLQJDOOUHOHYDQWSURGXFWDQGSURGXFWLRQHQJLQHHULQJDVSHFWVLQWR
DFFRXQW7KLVFRQWULEXWLRQSUHVHQWVDIRUPDOL]HGDSSURDFKWREHWWHUVXSSRUWPDWHULDOVHOHFWLRQGHFLVLRQV7KHDSSURDFKLVSDUWRI
DQRYHUDOOPDWHULDORULHQWHGGHYHORSPHQWPHWKRGRORJ\DQGIHDWXUHVDPDWHULDOVHOHFWLRQPHWKRGZKLFKWDNHVSURGXFWSURGXFWLRQ
SURFHVVDQGPDWHULDOLQIRUPDWLRQLQWRDFFRXQWLQDQLQWHJUDWHGZD\
 
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI3URIHVVRU/LKXL:DQJ
.H\ZRUGV,QWHJUDWHG3URGXFWDQG3URGXFWLRQ(QJLQHHULQJ0DWHULDO6HOHFWLRQ0DWHULDO2ULHQWHG'HYHORSPHQW
,QWURGXFWLRQ
0DWHULDO VHOHFWLRQ LV DQ HVVHQWLDO DVSHFW RI HQJLQHHULQJ
SURFHVVHVRIERWKSURGXFWVDQGSURGXFWLRQV\VWHPVDQGRIWHQ
FUXFLDO IRU WKH VXFFHVV RI WKH UHVXOWLQJ SURGXFWV 0DWHULDO
GHFLVLRQVDUHKHDYLO\LQWHUOLQNHGZLWKWKHSURGXFWV¶DVZHOODV
WKH SURGXFWLRQ V\VWHPV¶ SURSHUWLHV DQG FKDUDFWHULVWLFV ,Q
SUDFWLFDO HQJLQHHULQJ KRZHYHU PDWHULDO VHOHFWLRQ LV RIWHQ
H[HFXWHGLQDKDQGVRQPDQQHUDQGQRWEDVHGRQDQLQWHJUDWHG
RSWLPL]DWLRQ SURFHVV WDNLQJ DOO UHOHYDQW SURGXFW DQG
SURGXFWLRQ HQJLQHHULQJ 33( DVSHFWV LQWR DFFRXQW 7KLV
FRQWULEXWLRQ ZLOO SUHVHQW D IRUPDOL]HG DSSURDFK WR EHWWHU
VXSSRUWPDWHULDOVHOHFWLRQGHFLVLRQV
33(GHVFULEHVWKHSKDVHVLQWKHSURGXFWOLIHF\FOHLQZKLFK
DOO DVSHFWV RI DQ HQYLVLRQHG SURGXFW DUH FRQFHSWXDOL]HG ODLG
RXW DQG GHWDLOHG DORQJ ZLWK WKH UHVSHFWLYH SURGXFWLRQ
HTXLSPHQW ,Q SDUDOOHO DQG FORVHO\ LQWHUUHODWHG WKH SURGXFW¶V
PDWHULDOLVGHWHUPLQHGDQGGHILQHG7KXVSURGXFWSURGXFWLRQ
DQGPDWHULDOGHILQLWLRQEXLOG WKH WKUHHGLPHQVLRQVRISURGXFW
DQG SURGXFWLRQ HQJLQHHULQJ +ROLVWLF DSSURDFKHV LQ WKLV DUHD
KDYH WKHUHIRUH WR FRQVLGHU DOO WKUHH GLPHQVLRQV DQG WKHLU
LQWHUUHODWLRQVKLSV LQDQ LQWHJUDWHGZD\ ,QSUHYLRXVZRUN WKH
DXWKRUV LQWURGXFHG D JHQHULF 33( LQWHJUDWLRQ IUDPHZRUN
ZKLFKOLQNVLQSXWVDQGRXWSXWVLHLPSDFWVDQGUHTXLUHPHQWV
RI HQJLQHHULQJ ZLWK WKH SURFHVV SKDVHV RI ERWK GRPDLQV
7KHUHE\ LW SURYLGHV D JHQHULF EDVLV IRU WKH GHYHORSPHQW RI
DQDO\VLVDQGV\QWKHVLVPHWKRGVIRUDZLGHUDQJHRILQWHJUDWHG
33(DVSHFWV
,QWKLVFRQWULEXWLRQWKHLQWHJUDWLRQIUDPHZRUNLVDSSOLHGRQ
WKHVSHFLILFDVSHFWRIPDWHULDOVHOHFWLRQ$IWHUVXPPDUL]LQJLWV
PDLQ LGHDV LQ VHFWLRQ VHFWLRQZLOO JLYHD VKRUWRYHUYLHZ
RQPDWHULDOVHOHFWLRQ2QWKLVEDVLVVHFWLRQZLOOLQWURGXFHD
JHQHUDO PDWHULDORULHQWHG GHYHORSPHQW PHWKRGRORJ\ ZKLFK
ZLOO WKHQEHEURXJKW WRJHWKHUZLWK WKH LQWHJUDWLRQ IUDPHZRUN
WR IRUPDQ LQWHJUDWHGPDWHULDO VHOHFWLRQPHWKRG LQ VHFWLRQ
)LQDOO\VHFWLRQZLOOGLVFXVVWKHILQGLQJVDQGFRQFOXGH
3URGXFWDQG3URGXFWLRQ(QJLQHHULQJ,QWHJUDWLRQ
)UDPHZRUN
,Q RUGHU WR DOORZ KROLVWLF DQG LQWHJUDWHG GHFLVLRQV LQ
SURGXFW HQJLQHHULQJ DQG SURGXFWLRQ HQJLQHHULQJ WDNLQJ ERWK
GRPDLQVHTXDOO\LQWRDFFRXQWDVZHOODVFRQVLGHULQJGRPDLQ
VSDQQLQJ PDWHULDO DVSHFWV WKH DXWKRUV GHYHORSHG D SURGXFW
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DQG SURGXFWLRQ HQJLQHHULQJ 33( LQWHJUDWLRQ IUDPHZRUN
ZKLFK FDQ VHUYH DV D EDVLV IRU D YDULHW\RI GRPDLQVSDQQLQJ
HQJLQHHULQJDSSOLFDWLRQV>@
7KXV SURGXFW GHILQLWLRQ SURGXFWLRQ GHILQLWLRQ DQG
PDWHULDO GHILQLWLRQ EXLOG WKH WKUHH GLPHQVLRQ RI WKH
IUDPHZRUN)RUHDFKGLPHQVLRQWKHIUDPHZRUNGHILQHVWKUHH
PDWXUDWLRQ SKDVHV IURP D FRQFHSW YLD D OD\RXW WR D GHWDLO
OHYHODQGLWHYDOXDWHVLQWHUUHODWLRQVKLSVEHWZHHQDOOWKHVHQLQH
SKDVHV 7KHVH LQWHUUHODWLRQVKLSV EXLOG WKH KRUL]RQWDO D[LV DV
ZHOODVWKHURRIRIWKH+RXVHRI4XDOLW\OLNHUHSUHVHQWDWLRQRI
WKHIUDPHZRUNVHHILJXUH


)LJ3URGXFWDQGSURGXFWLRQHQJLQHHULQJLQWHJUDWLRQIUDPHZRUNDV
SUHVHQWHGLQ>@

'HFLVLRQV LQ WKLV HQYLURQPHQW DUH RQ WKH RQH KDQG
LQIOXHQFHGDQGFRQVWUDLQHGE\H[WHUQDOLPSDFWVDQGERXQGDU\
FRQGLWLRQV ,Q WKH LQWHJUDWLRQ IUDPHZRUN WKHVH LQSXWV KDYH
EHHQ FDWHJRUL]HG LQ UDZ PDWHULDO HTXLSPHQW KXPDQ
UHVRXUFHV RUJDQL]DWLRQ DQG FXOWXUHUHODWHG LPSDFWV 2Q WKH
RWKHUKDQGUHTXLUHPHQWVGHILQHWKHGHVLUHGRXWSXWVRISURGXFW
DQG SURGXFWLRQ HQJLQHHULQJ 7KHVH RXWSXWV KDYH EHHQ
FDWHJRUL]HGLQWRWLPHFRVWDQGTXDOLW\UHTXLUHPHQWVDVZHOODV
HQYLURQPHQWDO DQG VRFLDO HIIHFWV %RWK LQSXWV DQG RXWSXWV
EXLOG WKH YHUWLFDO D[LV RI WKH IUDPHZRUN UHSUHVHQWDWLRQ LQ
ILJXUH  ,Q WKH PDLQ PDWUL[ DUHD RI WKH IUDPHZRUN WKHQ
LQSXWV DQGRXWSXWV DUH FRUUHODWHGZLWK WKHPDWXUDWLRQSKDVHV
IURP WKH KRUL]RQWDO D[LV VWUHQJWK RI WKH FRUUHODWLRQV DUH
HYDOXDWHGRQDJHQHULFEDVLVLQLWLDOO\
$SSO\LQJ WKH LQWHJUDWLRQ IUDPHZRUN RQ HQJLQHHULQJ
TXHVWLRQV VXFK DV PDWHULDO VHOHFWLRQ ZRXOG QRZ UHTXLUH WR
GHWDLO DQGZHLJKW ERWK WKH ERXQGDU\ FRQGLWLRQV LQSXWV DQG
WKH UHTXLUHPHQWV RXWSXWV7KHQ WKHFRUUHODWLRQVKDYH WREH
UHHYDOXDWHGWKHLQWHUUHODWLRQVKLSVRIWKH33(SKDVHVKDYHWR
EH UHFRQVLGHUHG DQG WKH PDWHULDO HYDOXDWLRQ KDV WR EH
H[HFXWHGRQWKLVLQIRUPDWLRQEDVLV6HFWLRQZLOOHODERUDWHRQ
WKLVDSSOLFDWLRQLQIXUWKHUGHWDLO
0DWHULDO6HOHFWLRQ7RGD\
(QJLQHHULQJGHVLJQ UHSUHVHQWV WKHSURFHVVRI WUDQVODWLQJ D
QHZLGHDRUDPDUNHWQHHGWKURXJKDPRUHGHWDLOHGFRQFHSWRU
UDWKHUDWHFKQLFDOGUDIWLQWRDQXOWLPDWHFRQVWUXFWLRQDSURGXFW
FDQ EH PDQXIDFWXUHG IURP 7KHUHIRUH HDFK RI WKHVH VWDJHV
UHTXLUH GHFLVLRQV DERXW IHDVLEOH PDWHULDOV GHSHQGLQJ RQ WKH
SURGXFWLWVHOIFRPPRQO\GLFWDWHGE\WKHGHVLJQDVZHOODVWKH
PDQXIDFWXULQJSURFHVVIRUPMRLQDQGILQLVK
1RZDGD\V WKH YDULHW\ RI DYDLODEOH HQJLQHHULQJ PDWHULDOV
SODFHG DW WKH FRQVWUXFWRU¶V GLVSRVDO LV ODUJH DFFRUGLQJ WR
0RHOOHU >@ DSSUR[LPDWHO\  RI PHWDOOLF DQG QRQ
PHWDOOLF HDFK 7KXV ZLWKRXW JXLGDQFH WKH VHOHFWLRQ RI WKH
IHZEHVWVXLWHGPDWHULDOVZLWKUHJDUGWRWKHUHVSHFWLYHV\VWHP
RUSURGXFW UHTXLUHPHQWV LV GLIILFXOW DQG WLPHFRQVXPLQJ EXW
VWLOOLQVXIILFLHQWO\SUHFLVHRQO\DQGIXUWKHUPRUHQRORQJHUXS
WRGDWH 'XH WR WKLV IDFW WKHUH LV DQ XUJHQW QHHG IRU D
V\VWHPDWLF DSSURDFK RI D PDWHULDORULHQWHG SURGXFW
GHYHORSPHQWSURFHVV
7KH VFLHQWLILF OLWHUDWXUH KRZHYHU FRQWDLQV QXPHURXV
DSSURDFKHVPHWKRGVDQGSURFHGXUHVIRUDV\VWHPDWLFPDWHULDO
VHOHFWLRQ ,QGHHG WKHVH FORVHO\ UHVHPEOH WKH FRPPRQ
SUREOHPVROYLQJF\FOHEXWDUHVWLOOGLIIHUHQWLQWHUPVRIWKHLU
SULRULWLHV7KXV*URVFK>@(KUOHQVSLHOHWDO>@DQG)LVFKHU
>@ ILUVW SURYLGHG WKH OLQN EHWZHHQ WKH WUDGLWLRQDO SURGXFW
GHYHORSPHQW SURFHVV DQG DQ RYHUDOO V\VWHPDWLF DSSURDFK WR
PDWHULDO VHOHFWLRQ KLJKOLJKWLQJ PDWHULDOUHOHYDQW GHFLVLYH
ILHOGV
$Q LQWHUQDWLRQDOO\ DFFHSWHG DQG ZHOONQRZQ VWDQGDUG IRU
PDWHULDOVHOHFWLRQLVUHSUHVHQWHGE\$VKE\>@VHHILJXUH


)LJ)RXUPDLQVWHSVRIWKHPDWHULDOVHOHFWLRQJXLGHOLQHE\$VKE\
WUDQVODWLRQVFUHHQLQJUDQNLQJVXSSRUWLQJLQIRUPDWLRQ>@
4   Jerome Kaspar et al. /  Procedia CIRP  50 ( 2016 )  2 – 7 
$OWKRXJKWKLVJXLGHOLQHSURYLGHVDEDVLFPHWKRGRORJ\RID
VXLWDEOH FKRLFH RI PDWHULDO WKDW FROODWHV PDWHULDOUHODWHG
UHTXLUHPHQWV IROORZHG E\ D VFUHHQLQJ DQG D VXEVHTXHQW
UDQNLQJ SURFHVV XS WR WKH ILQDO PDWHULDO VHOHFWLRQ WKHUH LV
SULPDULO\DPRUHGHWDLOHGSURFHGXUHIRUWKHIXQGDPHQWDOSUH
VHOHFWLRQRIPDWHULDOJURXSV
%\ XVLQJ WKH DSSURSULDWH FRPSXWHUEDVHG PDWHULDO GDWD
&DPEULGJH(QJLQHHULQJ6HOHFWRU*UDQWD'HVLJQDGHWDLOHG
PDWHULDO VHOHFWLRQZLWKLQ WKH HOLJLEOHPDWHULDO FODVVHV FDQ EH
GHWHUPLQHG EDVHG RQ WKH SDUWLFXODU UHTXLUHG PDWHULDO
VSHFLILFDWLRQVDQGWKHUHVXOWLQJSURSHUW\FKDUWVILJXUH


)LJ&RPSXWHUDLGHGPDWHULDOVHOHFWLRQXVLQJWKH&(6VRIWZDUH>@
,QKLVDSSURDFK$VKE\DOVRWDUJHWVWREULQJSURGXFWUHODWHG
PDWHULDO LQIRUPDWLRQ FORVHU WRJHWKHU ZLWK UHOHYDQW SURFHVV
LQIRUPDWLRQ7KLVDWWHPSWDVZHOO DV WKH VLPLODUDSSURDFKE\
)DUDJ >@ LV KRZHYHU OLPLWHG WR WKH SURSRVDO RI VXLWDEOH
SURGXFWLRQ SURFHVVHV IRU SUHYLRXVO\ VHOHFWHG PDWHULDOV RU
YLFHYHUVDDQGWKHUHE\GRHVQRWSURYLGHVXIILFLHQWVXSSRUWIRU
WUXO\LQWHJUDWHGSURGXFWDQGSURFHVVEDVHGGHFLVLRQV
%DVHG RQ WKH DIRUHPHQWLRQHG DSSURDFKHV LQ SDUWLFXODU
UHJDUGLQJ WKH UHSUHVHQWHG JXLGHOLQH E\ $VKE\ 5HXWHU
VXPPDUL]HV DOO WKHVH FRQVLGHUDWLRQV LQWR RQH µVWDQGDUGL]HG¶
DSSURDFK IRU D V\VWHPDWLF PDWHULDO VHOHFWLRQ LQWHJUDWHG LQWR
WKH JHQHUDO SURGXFW GHYHORSPHQW SURFHVV 5HIHUULQJ WR WKH
FODVVLFDO SKDVHV WKH WDVN FODULILFDWLRQ DV ZHOO DV WKH
FRQFHSWXDO HPERGLPHQW DQG GHWDLO GHVLJQ 9', JXLGHOLQH
   WKLV DSSURDFK LV DOVR FODVVLILHG LQWR IRXU
PDWHULDOUHOHYDQWVWDJHV>@
x GHWHUPLQDWLRQ RI PDWHULDO SURSHUWLHV WDVN
FODULILFDWLRQ DQG GHULYDWLRQ RI D VSHFLILF PDWHULDO
UHTXLUHPHQWSURILOH
x SUHVHOHFWLRQRIVXLWDEOHPDWHULDOVFRQFHSWXDOGHVLJQ
LQFOXGLQJ DSURFHGXUHRI LQGLYLGXDOPDWHULDO RU HQWLUH
FODVVH[FOXVLRQV
x ILQHVHOHFWLRQ RI UHPDLQLQJ PDWHULDOV HPERGLPHQW
GHVLJQ EDVHG RQ D PRUH GHWDLOHG FRPSDULVRQ RI
QHFHVVDU\ EXW DOVR WDUJHWHG V\VWHP UHTXLUHPHQWV DQG
UHVSHFWLYH PDWHULDO SURSHUWLHV IROORZHG E\ D UDQNLQJ
SURFHVVZLWKGHWHUPLQHGDVVHVVPHQWFULWHULD
x VSHFLILFDWLRQ VHOHFWLRQ RI WKH PRVW DSSURSULDWH
PDWHULDO RSWLRQV DQG YDOLGDWLRQ RI WKH GHPDQGHG
SURGXFW UHTXLUHPHQWV GHWDLO GHVLJQ E\ PDWHULDO
H[SHULPHQWVFORVHO\FRQQHFWHGWRGHVLJQJHRPHWU\
$VD UHVXOW D V\VWHPDWLFPDWHULDOGHFLVLRQPDNLQJFDQEH
DFKLHYHGZLWKWKHKHOSRILQGLYLGXDOLQVWUXPHQWVIRUWKHDFWXDO
SURFHVVVWHSVXFKDV WKH$%&DQDO\VLV WDVNFODULILFDWLRQRU
EURZVLQJ GLIIHUHQW PDWHULDO GDWDEDVH V\VWHPV VROXWLRQ
VHHNLQJDVZHOODVWKHUHVXOWLQJSURFHVVGRFXPHQWVRXWSXWV

,Q VXPPDU\ WKHUH DUH GLIIHUHQW DSSURDFKHV WR GHVFULEH D
V\VWHPDWLFVWUDWHJ\RIILQGLQJWKHEHVWVXLWHGPDWHULDO IRUWKH
SDUWLFXODUGHVLJQ7KHUHE\KRZHYHUDOO WKHVHDSSURDFKHVDUH
QRW WDUJHWHG VXIILFLHQWO\ WRZDUGV WKH HQWLUH PDQXIDFWXUH 
SURGXFWRUWKHRYHUDOOWHFKQLFDOV\VWHPEXWUDWKHUWKHYDULRXV
FRPSRQHQWV $JDLQVW WKLV EDFNJURXQG DQG E\ WDNLQJ LQWR
FRQVLGHUDWLRQ WKDW PDQXIDFWXULQJ DVSHFWV ZLWK PDQ\ QHZ
WHFKQRORJLHV IRU LQVWDQFH PXOWLPDWHULDO FRQVWUXFWLRQ
WHFKQLTXHVKDYHQRW \HWRU MXVW LQDGHTXDWHO\EHHQVXSSRUWHG
E\ WKH SUHVHQW SURFHGXUHV WKHUH LV DQ XUJHQW QHHG IRU D
PDWHULDORULHQWHGSURGXFWGHYHORSPHQWPHWKRGRORJ\EDVHGRQ
ERWKWKHSURGXFWGHVLJQDQGLWVSURGXFWLRQSURFHVV
0DWHULDO2ULHQWHG'HYHORSPHQW0HWKRGRORJ\
'XH WR WKH FRQWLQXRXVO\ LQFUHDVLQJ LQWURGXFWLRQ RI KLJK
DQG VXSHU KLJKVWUHQJWK VWHHO DV ZHOO DV WKH SDUWLDO XVDJH RI
GLIIHUHQW DOXPLQLXP DOOR\V DQG FRPSRVLWHV ZLWKLQ WKH
LQGXVWULDO SURGXFW GHYHORSPHQW RYHU WKH ODVW \HDUV
FRQVLGHUDEOHSURJUHVV LQPDWHULDORULHQWHG OLJKWZHLJKWGHVLJQ
KDV DOUHDG\ EHHQ PDGH 7KXV WKH VLQJXODU VWHHO DOXPLQLXP
DQG)5&ILEHUUHLQIRUFHGFRPSRVLWHGHVLJQLVUHSODFHGE\D
PXOWLPDWHULDO FRQVWUXFWLRQ PHWKRG &RQVHTXHQWO\ PDQ\
FKRLFHV KDYH WR EH PDGH ZKHQ GHVLJQLQJ LQ PXOWLPDWHULDO
V\VWHPVZKLFKRQ WKHRQHKDQG LQFUHDVH WKHGHVLJQIUHHGRP
ZKLOVWWKH\PDNHWKHSURFHVVPRUHFRPSOH[DWWKHVDPHWLPH
+RZHYHU WR DFKLHYH WKH IXOO SRWHQWLDO K\EULG FRQFHSWV 
WDUJHWHG RQ WKH ULJKW PDWHULDO LQ WKH ULJKW SODFH LQ
FRQVLGHUDWLRQRIWKHRSWLPXPFRVWVXVWDLQDELOLW\DQGTXDOLW\
UHTXLUH D KROLVWLF DSSURDFK LQFOXGLQJ D VLJQLILFDQWO\ VWURQJHU
LQWHJUDWLRQ RI WKH UHVSHFWLYH FRQFHLYDEOH SURGXFWLRQ SURFHVV
EHVLGHVWKHFRPPRQPDWHULDOVHOHFWLRQSULPDULO\EDVHGRQWKH
GHYHORSHGGHVLJQILJXUH



)LJ7ULDQJOHRIWKHOLJKWZHLJKWGHVLJQIUDPHZRUN
7KHUHE\DNH\UROHLVSDUWLFXODUO\DWWULEXWHGWRWKHMRLQLQJ
SURFHVV ZLWKLQ WKH EDUHO\ LQWURGXFHG FURVVFRPSRQHQW
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OLJKWZHLJKW DQG PDWHULDORULHQWHG GHVLJQ /02'
PHWKRGRORJ\ GHSLFWHG EHORZ 7KLV IDFW LV GHULYHG IURP WKH
YDULRXVQHZFKDOOHQJHVDQGUHTXLUHPHQWVHQWDLOHGE\WKHWUHQG
WRZDUGV PXOWLPDWHULDO FRQVWUXFWLRQ WHFKQLTXHV 'HVSLWH WKH
UHODWHG DUHDV RI FRQFHUQ HJ SUHGRPLQDQWO\ GLIIHUHQW
PHFKDQLFDO DQGRU SK\VLFDO SURSHUWLHV RI DGMDFHQW
FRPSRQHQWV WKH PXOWLPDWHULDO FRPSOLDQW LQWHJULW\ RI WKH
VWUXFWXUH KDV WR EH UHDOL]HG WR IXOILO WKH GHVLJQDWHG
IXQFWLRQDOLW\ DW DSSURSULDWH VWUHQJWK DQG VWLIIQHVV
$FFRUGLQJO\ QHZO\ GHYHORSHG OLJKWZHLJKW PDWHULDOV DQG
FRQVWUXFWLRQV FDQ RQO\ EH VXFFHVVIXOO\ LPSOHPHQWHG LI WKHUH
DUHWDLORUHGVROXWLRQVLQUHVSHFWRIJHQHUDOO\SRVVLEOHEXWDOVR
FRVWHIILFLHQWDQGUHOLDEOHMRLQLQJWHFKQRORJLHV&RQVHTXHQWO\
QHZK\EULGMRLQWWHFKQRORJLHVDUHSUHVHQWO\EHLQJLQYHVWLJDWHG
>@


)LJ&URVVFRPSRQHQWOLJKWZHLJKWDQGPDWHULDORULHQWHGGHVLJQ/02'
PHWKRGRORJ\
7KH GHSLFWHG FURVVFRPSRQHQW SURFHGXUH LQ ILJXUH 
SRUWUD\V D GRXEOH 9VKDSHG RU :VKDSHG SURGXFW
GHYHORSPHQWSURFHVVFHQWHUHGE\WKHMRLQWVHFWLRQGHVLJQDQG
LV LQWHJUDWHG ZLWKLQ WKH HQWLUH SURGXFW OLIH F\FOH ERWWRP
KRUL]RQWDOOLQH%DVHGRQWKHDVWKH9',SXEOLVKHG
GLUHFWLYH D PHDQZKLOH ZLGHO\ DFFHSWHG DSSURDFK IRU
GHYHORSLQJ WHFKQLFDO V\VWHPV DQG SURGXFWV >@ WKH GHVLJQ
SURFHVVLVLQLWLDWHGE\WKHSUHSKDVHRISURGXFWSODQQLQJ7KH
UHVXOWLQJ SURGXFW VSHFLILFDWLRQ UHSUHVHQWV WKH RULJLQ RI WKH
IROORZLQJ V\VWHPDWLFDOO\ IRFXVHG GRXEOH 9VKDSHG PRGHO
&ODVVLILHG LQWR WKH WKUHH PDLQ OHYHOV µV\VWHP¶ µVXEV\VWHP¶
DQG µFRPSRQHQW OHYHOGHVLJQ¶ DFFRUGLQJ WR9',>@
WKLVSURFHGXUHDLPVDW D VLPXOWDQHRXV WRSGRZQDVZHOO DVD
ERWWRPXS DSSURDFK SDUWO\ LQIOXHQFHG E\ DSSURSULDWH
OLJKWZHLJKWNQRZOHGJH
6WDUWLQJZLWK WKHILUVWZLQJRI WKHXSSHU9VKDSHGPRGHO
WKH UHVSHFWLYH ERXQGDU\ FRQGLWLRQV PXVW EH FODULILHG MXVW DV
WKH DGHTXDWH IXQFWLRQDO DQDO\VLV KDV WR EH FRQGXFWHG IRU WKH
WKUHH PDLQ OHYHOV $V D UHVXOW WKH SUHGHVLJQ RU UDWKHU WKH
IXQFWLRQDO GHVLJQ FDQ EH GHYHORSHG LQ FRQMXQFWLRQZLWK WKH
DFWXDOGHILQLWLRQRIPDLQMRLQWVLQWHUPVRIW\SHDQGSRVLWLRQ
IRUERWKWKHµV\VWHP¶DQGµVXEV\VWHPOHYHOGHVLJQ¶
$W WKH µFRPSRQHQW OHYHO GHVLJQ¶ ERWWRP OHYHO WKH
IXQFWLRQDOGHVLJQXQGHUOLHVD ILUVW VFUHHQLQJSURFHVV 0RI
JHQHUDOO\ SRVVLEOH DQG SHUPLWWHG SURSHUWLHV RI IDYRUDEOH
PDWHULDO FODVVHV%\ WDNLQJ LQWR FRQVLGHUDWLRQ WKH SUHYLRXVO\
VHOHFWHGOLPLWDWLRQVZLWKWKHFRPSO\LQJWHFKQRORJ\GHILQLWLRQ
LQ PLQG WKH GHVLJQ SURFHVV RI WKH FHQWUDO WDVN  WKH MRLQW
VHFWLRQ GHVLJQ  VWDUWV WR FRQFHSWXDOL]H DQG RSWLPL]H WKH
MXQFWLRQVEHWZHHQHDFKFRPSRQHQWDQGVXEV\VWHPDVZHOO DV
WKHVXEV\VWHPVDQGWKHHQWLUHV\VWHP:LWKLQWKHVFRSHRIWKLV
VWHS0DFODVVVHOHFWLRQVKRXOGEHWDUJHWHGRQWKHEDVLVRI
WKH SUHRSWLPL]HG MRLQW OD\RXW ,Q FRPSDULVRQ WR RWKHU
OLJKWZHLJKW DSSURDFKHV >@ WKLV RIIHUV D IXUWKHU
SHQHWUDWLRQ RI IHDVLEOH SRWHQWLDOV LQ OLJKWZHLJKW GHVLJQ
SDUWLFXODUO\ ZLWK UHJDUG WR FURVVFRPSRQHQW PXOWLPDWHULDO
V\VWHPV
,Q WKH ILQDO VWHS RI WKH LQQHU SURFHGXUH 0 D VKDSH
&$2 DQG WRSRORJ\ RSWLPL]DWLRQ 6.2 LV DSSOLHG DW ERWK
UHVSHFWLYHMRLQWVDQGUHODWHGFRPSRQHQWV9HULILHGE\PDWHULDO
PRGHOOLQJZLWK)(0VLPXODWLRQDQGFRPELQHGZLWKDIXUWKHU
VSHFLILHGSURFHVVGHVLJQ WKH ILQDOPDWHULDO VSHFLILFDWLRQ FDQ
EHGHWHUPLQHGEDVHGRQWKLVGHWDLOHGGHVLJQ
)LQDOO\ HDFK FRPSRQHQW LV EHLQJ LQWHUOLQNHG ZLWK WKH
LQWHJUDWLRQ WKURXJK WKH VSHFLILF FRPSRQHQW MRLQW $
VXEVHTXHQW PXOWLSOHERG\ VLPXODWLRQ DV ZHOO DV D SURWRW\SH
PDQXIDFWXULQJ SURYLGHV D IXUWKHU YHUWLFDO LQWHJUDWLRQ WR WKH
µV\VWHP OHYHOGHVLJQ¶7KH VXFFHVVIXOGHYHORSPHQWRIDSLORW
VHULHVSHUPLWVWKHV\VWHPUHOHDVH
0DWHULDOV6HOHFWLRQ0HWKRG%DVHGRQWKH,QWHJUDWLRQ
)UDPHZRUN
,Q WKLV VHFWLRQ WKH LQWHJUDWLRQ IUDPHZRUN IURP VHFWLRQ 
ZLOO QRZ EH SXW LQWR WKH FRQWH[W RI WKH PDWHULDORULHQWHG
GHYHORSPHQW PHWKRGRORJ\ IURP VHFWLRQ  7KXV D PDWHULDO
VHOHFWLRQPHWKRGZLOO EHSUHVHQWHG WKDW KROLVWLFDOO\ WDNHV WKH
SURGXFW DQG SURGXFWLRQ HQJLQHHULQJ LQIRUPDWLRQ IURP WKH
LQWHJUDWLRQIUDPHZRUNLQWRDFFRXQW
7KH PHWKRG UXQV WKURXJK WKH LQWHJUDWLRQ IUDPHZRUN LQ
WKUHHF\FOHVRQHIRUHDFKPDWXUDWLRQVWHSVHHILJXUH
)LUVW&\FOH0DWHULDO6FUHHQLQJ
7KLVF\FOHVWDUWV LQWKHYHU\FRQFHSWXDOSKDVHGHSLFWHGDV
0 LQ ILJXUH2QO\ LQLWLDO ERXQGDU\ FRQGLWLRQV DUH VHW DQG
LQLWLDO UHTXLUHPHQWV DUH GHILQHG 0DWHULDO VHOHFWLRQ LQ WKLV
SKDVH PHDQV WR GR D SUHVFUHHQLQJ EDVHG RQ PDLQ WDUJHW
SURSHUWLHVRIWKHPDWHULDOWREHVHOHFWHG7RGRVRWKHJHQHULF
LQSXWVDQGRXWSXWVLQWKHLQWHJUDWLRQPDWUL[DUHGHWDLOHGDQGRU
UHSODFHGE\WKHLQLWLDOERXQGDU\FRQGLWLRQVDQGUHTXLUHPHQWV
ZKLFKDUHZHLJKWHGDQG WKHUHE\ OHDG WRDFOHDUSULRULWL]DWLRQ
RIPDWHULDOVFUHHQLQJFULWHULD,QSDUDOOHOHYDOXDWLQJWKHLQSXWV
DQG RXWSXWV IURP D SURGXFW DQG SURFHVV SRLQW RI YLHZ WKH
PDWUL[ OHDGV WR DQ LQLWLDO IXQFWLRQDO GHVLJQ DQG WHFKQRORJ\
GHILQLWLRQDFFRUGLQJO\
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
)LJ3URGXFWDQGSURGXFWLRQHQJLQHHULQJLQWHJUDWLRQIUDPHZRUN
DSSOLHGRQPDWHULDOVHOHFWLRQ
7KXV DIWHU WKLV F\FOH DQ LQWHJUDWHG URXJK FRQFHSW IRU WKH
SURGXFW WKH SURGXFWLRQ DQG WKH PDWHULDO GHVLJQ KDV EHHQ
GHWHUPLQHG
6HFRQG&\FOH0DWHULDO&ODVV6HOHFWLRQ
7KH VHFRQG F\FOH HQULFKHV WKH LQIRUPDWLRQ IURP WKH ILUVW
F\FOH LQ WZR ZD\V )LUVW WKH ERXQGDU\ FRQGLWLRQV DQG
UHTXLUHPHQWVJHWIXUWKHUGHWDLOHGDQGGHOLYHUPRUHLQSXWWREH
HYDOXDWHG LQ WKH IUDPHZRUN PDWUL[ 6HFRQG GXH WR WKH
VFUHHQLQJUHVXOWIURPWKHILUVWF\FOHWKHUHODWLRQVKLSVEHWZHHQ
WKHPDWHULDO WKHSURGXFWDQGWKHSURGXFWLRQPDWXUDWLRQVWHSV
IURP WKH XSSHU SDUW RI WKH IUDPHZRUN PDWUL[ FDQ EH
HYDOXDWHGWRR
7KXV HQRXJK LQIRUPDWLRQ LV JDWKHUHG WRFRPH WRD VRXQG
PDWHULDO FODVV VHOHFWLRQ ZKLFK WDNHV SURGXFW SURFHVV DQG
PDWHULDODVSHFWVLQWRDFFRXQWVLPXOWDQHRXVO\,QSDUDOOHO WKH
IXQFWLRQDO SURGXFW GHVLJQ IURP WKH ILUVW F\FOH JHWV
PDWHULDOL]HG WR D SULQFLSOH SURGXFW GHVLJQ IHDWXULQJ DOVR
GHILQLWLRQVRIFRPSRQHQW LQWHUIDFHVDQG MRLQWVDVZHOODV WKH
WHFKQRORJ\GHILQLWLRQIURPWKHILUVWF\FOHLVGHWDLOHGWRZDUGVD
SURFHVVGHVLJQRQWKHSURGXFWLRQVLGHWKHUHE\ILQLVKLQJSKDVH
0LQWKHPHWKRGRORJ\IURPVHFWLRQ
7KLUG&\FOH0DWHULDO6SHFLILFDWLRQ
7KHWKLUGF\FOHJHQHUDOO\UHVHPEOHVWKHVHFRQGRQH1RZ
ERXQGDU\ FRQGLWLRQV DQG UHTXLUHPHQWV DUH JHWWLQJ IXOO\
GHWDLOHG DQG ILQDOL]HG VR WKDW WKH PDWHULDO VHOHFWLRQ FDQ EH
EURXJKWIXUWKHUWRDILQDOPDWHULDOVHOHFWLRQZHOOILWWLQJWRWKH
GHWDLOHG SURGXFW GHVLJQ DQG SURGXFWLRQ SURFHVV VSHFLILFDWLRQ
GHYHORSHGVLPXOWDQHRXVO\

7KURXJK WKLV PHWKRG ZKHQ FRPSOHWLQJ SKDVH0 LQ WKH
PHWKRGRORJ\IURPVHFWLRQDQGWKHUHE\UHDFKLQJWKHXSZDUG
V\VWHPLQWHJUDWLRQZLQJRIWKHSURGXFWGHYHORSPHQW9PRGHO
LW LV DVVXUHG WKDW PDWHULDO VHOHFWLRQ KDV EHHQ GRQH FORVHO\
LQWHUOLQNHG ZLWK SURGXFW DQG FRQWHPSRUDQHRXVO\ SURGXFWLRQ
GHVLJQ ± V\VWHPDWLFDOO\ DORQJ DOO PDWXUDWLRQ VWHSV RI WKH
GHYHORSPHQWSURFHVV
'LVFXVVLRQDQG&RQFOXVLRQ
:LWK WKH PDWHULDO VHOHFWLRQ PHWKRG IURP VHFWLRQ  WKH
SUHVHQWHG DSSURDFKRIIHUV VXSSRUW IRUPDWHULDO GHFLVLRQV WKDW
WDNH WKH UHOHYDQW SURGXFW SURGXFWLRQ SURFHVV DQG PDWHULDO
DVSHFWVLQWRDFFRXQWLQDWUXO\LQWHJUDWHGZD\
7KH DSSURDFK LQWHJUDWHV WKLV PHWKRG LQWR DQ RYHUDOO
PDWHULDORULHQWHG GHYHORSPHQW PHWKRGRORJ\ VHH VHFWLRQ 
ZKLFKVXSSRUWVWKHKDQGOLQJRIPDWHULDOLQIRUPDWLRQDVZHOODV
PDWHULDOUHODWHG GHFLVLRQV IRU ERWK FRPSRQHQWV DQG
FRPSRQHQWVSDQQLQJ MRLQWV IURP WKH HDUO\ FRQFHSWXDO
GHYHORSPHQWSKDVH WLOO WKH ILQDO GHWDLOLQJRI WKHSURGXFW DQG
WKHUHVSHFWLYHSURGXFWLRQV\VWHP(VSHFLDOO\MRLQWVSOD\DNH\
DQG HYHQ IXUWKHU JURZLQJ UROH LQ PXOWLPDWHULDO SURGXFW
GHVLJQV DQG WKH UHVSHFWLYH SURGXFWLRQ SURFHVVHV ZKDW LV
JHWWLQJ WKH VWDQGDUG ZLWK UHVSHFW WR IXUWKHU LQFUHDVLQJ
OLJKWZHLJKWDQGHIILFLHQF\WDUJHWV
&RPSDUHGZLWK H[LVWLQJ DSSURDFKHV DV GHVFULEHG H J LQ
VHFWLRQ  WKH FRQFHSW SUHVHQWHG KHUH VWDQGV RXW HVSHFLDOO\
UHJDUGLQJ WKH LQWHJUDWHGYLHZRQSURGXFWSURGXFWLRQSURFHVV
DQG PDWHULDO LQIRUPDWLRQ DQG GHFLVLRQV 7KH DSSOLFDWLRQ RQ
PDWHULDO VHOHFWLRQ VKRZV WKH SRZHU RI WKH XQGHUO\LQJ 33(
LQWHJUDWLRQ IUDPHZRUN SUHVHQWHG HDUOLHU E\ WKH DXWKRUV VHH
VHFWLRQ
7KH GHYHORSPHQW RI ERWK WKH SURSRVHG PHWKRGRORJ\ DQG
WKHGHYHORSHGPHWKRGLVKRZHYHUVWLOORQJRLQJ7KHPDWHULDO
RULHQWHG GHYHORSPHQWPHWKRGRORJ\ZLWK LWV VSHFLDO IRFXV RQ
MRLQWV ZLOO EH HODERUDWHG RQ LQ IXUWKHU GHWDLO LQ IROORZXS
ZRUNHJ >@7KHPDWHULDO VHOHFWLRQPHWKRGZKLFK LQ WKH
IUDPHRIWKLVFRQWULEXWLRQFRXOGRQO\EHSUHVHQWHGRQDPRUH
FRQFHSWXDO OHYHO ZLOO EH IXUWKHU GHWDLOHG RQ D FRQFUHWH
H[DPSOHDQGVXSSRUWHGE\D VRIWZDUHSURWRW\SHFRYHULQJ WKH
PDWUL[RIWKH33(LQWHJUDWLRQIUDPHZRUN
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